This paper is part o f a more general study aimed to the determination o f the best experimental procedures for reliable quantitative measurements o f F e-M n alloys by LIBS. In this work, attention is pointed on the self-absorption processes, whose effect deeply influences the LIBS measurements, reflecting in non-
influencing the LIBS spectrum, and in particular self absorption effects [22] [23] [24] [25] [26] [27] [28] and matrix effects [29] [30] [31] . In this work, the self absorption effects on pure manganese will be studied, and the theoretical basis o f the spectral analysis will be laid.
In a previous paper [28] it was demonstrated that the self absorption effect on spectral line intensity can be calculated once the electron density o f the plasma is known and the Staik co efficients o f the lines are available. Unfortunately, in literature the measured Stark coefficients are available only for a few ionic Mn lines [32] ; moreover the measured values differ substantially from the calculated analogues [33] . Therefore, a different approach is needed. The method here proposed is based on the measurement o f the intensity ratio o f two lines o f the same ionization stage and on the comparison o f the experimental to the theoretically predicted value; this approach is well known in the literature as a direct check o f the absence o f important self absorption effects in spectroscopic measurements [34] . In a recent paper [ (4) where n is the total number o f atoms o f the species per unit volume (cm-3 ), E^,-is the energy o f the level (erg), k B is the Boltzmann constant (erg K 1 ), T is the plasma temperature ( K ) and U (T ) is the partition function for the species (dimensionless).
Therefore, in this approximation where the further approximation ^« 1 was introduced, corresponding to neglecting the stimulated emission effect with respect to plasma absorption. 
The number density o f the emitters is in general not known and therefore the actual value o f SA cannot be directly calculated; notwithstanding, the definition given in expression (9) is useful for deriving the expected behaviour o f the line intensity in correspondence o f change in the global plasma parameters (size, total density, electron density and temperature).
In a previous paper [28] , it was demonstrated that the ratio o f the integral intensity o f the self absorbed emission line N p over the non self absorbed one vVPo (defined by extrapolation as in expression 9) scales as (10) with /3 0 . 4 4 . Bearing in mind that in typical laser induced plasmas the Stark effect is the dominant line broadening mechanism, while the Doppler effect can be safely neglected, we can assume that the emission lineshape L (X ) has a normalized Lorentzian shape (11) In this case, it has been demonstrated [28] that the FWHM o f the measured emission lines becomes with a 0 .5 6 .
The equations here reported are the basic tools that w e will use in the following for the interpretation o f the experimental data.
According to Eq. (10), and taking into account the definition o f S A coefficient (Eq. (9)), the intensity ratio o f two lines o f the same species can be written as: (13) (14) (15) where m e is the electron mass (g) and E ion is the ionization energy (erg) o f the element.
The superscripts I and II refer, respectively, to the neutral and singly ionized species o f the element under study, which in typical LIBS experiments are the only dominant species, i.e. n To1 n l + n u where nTot is total number density o f the element.
A further dependence on the electron temperature and density is brought into the equations by the line width A X 0, which, in first approximation (i.e. neglecting the atom and ion impact contribution to the broadening), is proportional to the electron density through the temperature-dependent Stark coefficient w s ( T ) [40] In fact, the number density o f the species considered obeys, under the approximation o f LTE, the Saha Boltzmann equation (which also depends on the plasma temperature) [39] (16)
Lim it case: lines belonging to the sam e multiplet
We expect that the intensity ratio of lines connecting levels with similar^ andiq, i.e. lines belonging to the same multiplet, would not change with the plasma temperature. From the point of view of the real measurements, if the plasma temperature was the only time varying parameter during the plasma evolution, in this limit case the intensity ratio should be independent on the delay of acquisition of the LIBS spectra. By resorting to the previous expressions (18) and (20), the intensity ratio in this limit case should then be comprised between the two extremes and (21)
in the limit of low and high self absorption, respectively, since the Lorentzian width of the lines, mainly dominated by the Stark broadening effect, is the same for lines belonging to the same multiplet. Considering that, in general, for lines be longing to the same multiplet, we observe that the most intense line of the multiplet is always more self absorbed than the less intense. Therefore, if the intensity ratio of two lines belonging to the same multiplet is greater than one in low self absorption conditions, at the increase of self absorption the ratio will de crease, and vice versa.
General case
In the general case, according to Eq. The spectral lines used for plasma temperature measurements are marked with an asterisk.
determination o f the plasma electron density, which is not affected by self-absorption and does not depend on any specific hypothesis o f Local Thermal Equilibrium [28] . The error estimated on the electron density measurements is o f the order o f 10%. The plasma temperature was measured using the Saha Boltzmann plot method, described in Ref. [43] . The lines used for the deter mination o f the temperature are shown in Table 1 ; all o f them are relatively isolated, non-resonant emission lines. As shown in the following discussion, these lines are weakly to moderately self absorbed, and thus they can be considered appropriate for temperature measurements using the Saha Boltzmann method. In this case, since a single plasma temperature can be defined only in the presence o f thermal equilibrium, the hypothesis o f LTE has to be introduced. As demonstrated in a previous paper [28] , this procedure guarantees an accuracy in plasma temperature determination around ±5%, which is more than satisfactory considering the temperature and, consequently, on the increasing acquisition delay. The theoretically predicted values o f the ratio are about 0.5 for the low self absorption limit and about 0.7 for the high self absorption limit. Even though the two limit values are quite close, it can be noticed that single pulse irradiation leads to optically thin lines, while the double pulse irradiation shifts the plasma conditions toward the high self absorption limit.
In the same figure, the intensity ratio Mn II at 293.3/Mn II at 348.3 nm is also shown. In this case, since these lines do not belong to the same multiplet, the general theoretical treatment o f Section 2.2.4 should be applied. As predicted by the theory, the intensity ratio Mn II at 293.3/Mn II at 348.3 nm indeed depends on the acquisition delay (especially in single pulse high energy measurements). Moreover, for the intensity ratio o f lines be longing to different multiplets, a strong dependence on the experimental configuration used is evident. This behaviour is made clear considering the two limits o f weak and strong self absorption (Eqs. (18) and (20) 
